Introduction
The detection of -lactam resistance is well known to be complex. A failure to detect resistant strains can often cause problems in clinical settings. Extended-spectrum -lactamases can be overlooked in the laboratory because of low levels of resistance in vitro, and they often cause treatment failures. 1 The inducible chromosomal AmpCtype enzymes of Pseudomonas aeruginosa and many Enterobacteriaceae can also be missed if the induction capacity of the in-vitro test is insufficient.
Therefore we were not surprised to find an oddly behaving strain of Enterobacter cloacae (from our own collection) which was ampicillin resistant when tested by an agar dilution method but seemed to be partly susceptible when introduced as a control in replica plating. 2 We soon found that this was caused by the different agars used in the two methods. Other faecal isolates of E. cloacae were found to behave similarly.
Variations in MICs on different agars can be caused by several mechanisms. Deviations in -lactam MICs for Xanthomonas maltophilia were not caused by differences in -lactamase induction, but were associated with the expression of two small outer membrane proteins. 3 Concerning the AmpC enzyme of Enterobacteriaceae, certain media and amino acids cause -lactamase induction in highly resistant mutant E. cloacae strains, but usually the different substances were studied separately, without antibiotics. 4, 5 We found no reports on the impact of the agar medium on the induction of wild-type strains in susceptibility testing. In this paper we show that differences in -lactamase induction were the major reason for the variations in our results.
Materials and methods

Isolates
The isolates were obtained during a previous study of antimicrobial resistance in the faecal flora of ambulatory adults. 6 They were identified with the API-E system (bioMérieux, Lyon, France). Eleven E. cloacae, three Enterobacter species not identified to species level by the API, eleven Klebsiella pneumoniae, four Escherichia coli, and one each of Klebsiella oxytoca, Citrobacter diversus, and Morganella morganii were included in this study.
Determination of MICs and disc diffusion
MICs were determined by a standard agar dilution method and suspensions of 2 10 3 cfu/spot. Routinely we use Mueller-Hinton II agar (BBL, Becton Dickinson and Company, Cockeysville, MD, USA) but here we compared it to Iso-Sensitest agar (Oxoid Ltd, Basingstoke, Hampshire, UK), and for the E. cloacae also to lactose agar (MacConkey Broth Purple (Oxoid) with 1.2% agar) for comparison, although it is not usually used in susceptibility testing. The antimicrobials were from Sigma (Sigma Chemical Co., St Louis, MO, USA), except clavulanic acid, which was from SmithKline Beecham Pharmaceuticals. Disc diffusion was done with semiconfluent and confluent growth, since both are used in routine work, on Mueller-Hinton and Iso-Sensitest agar, using Oxoid paper discs with ampicillin (10 g).
Determination of Quantitative -lactamase
The E. cloacae isolates were grown overnight on lactose, Iso-Sensitest, or Mueller-Hinton II agar plates either without ampicillin or in the presence of ampicillin at onequarter of the MIC value for respective isolate and agar, or 32 mg/L, whichever was less. Dense suspensions were made in 1 mL 0.05 M phosphate buffer, pH 7.0, sonicated for 3 30 s with an ultrasonic homogenizer in a cooling bath to disrupt cells, and stored at 20°C until tested. Then cell walls and debris were spun down at 13,000 rpm for 5 min at 4°C, and the supernatant was recovered. -Lactamase activity was measured with nitrocefin (Becton Dickinson) as substrate; in microtitre plates, 25 L of the samples were mixed with 175 L 225 M nitrocefin in 0.05 M phosphate buffer and 0.2% DMSO (dimethylsulphoxide, Sigma), pH 7.0, incubated at room temperature, and the absorbance at 595 nm was measured at frequent time intervals in a Titertek Multiskan. The colour change was plotted against time, and a value from the linear part of the curve was selected for each sample. The amount of nitrocefin hydrolysed was calculated from a standard curve produced with a series of nitrocefin concentrations (200, 300, 400, 500, 600, 700, and 800 M) completely hydrolysed with a cleared sonicate from a constitutive mutant of AM175 III (this study). The total protein content in the samples was measured by the method of Bradford, 7 using bovine serum albumin (Sigma) for the standard curve. The total amount of -lactamase produced by an isolate is given as ( M nitrocefin hydrolysed per g total protein) min 1 .
Isoelectric focusing (IEF)
IEF was performed as previously described. 8 Approximate pI's were calculated by comparing the samples with crude sonicates of the controls PSE-3 (pI 6.9), OXA-1 (pI 7.4), SHV-1 (pI 7.6), OXA-2 (pI 7.7), P99 (pI 7.8), and ROB-1 (pI 8.1) run in the same gel.
Results
There were two-step to four-step differences in ampicillin MICs between Iso-Sensitest and Mueller-Hinton II, and even greater differences for lactose agar, for all the enterobacter isolates (see Table) . This caused all but one to be falsely classified as intermediately resistant (16 mg/L) or susceptible ( 8 mg/L) on Iso-Sensitest, according to NCCLS limits. 9 For the other species only one-step differences, within the error limit of the method, were seen. With disc diffusion, all but one enterobacter isolate was intermediately resistant with semiconfluent growth on Iso-Sensitest (Swedish Reference Group for Antibiotics recommendations 1990, susceptible 25 mm, resistant 11 mm; 10 NCCLS uses confluent growth) (Table) . For the enterobacter isolates, MICs of amoxycillin, cephalothin, and cefuroxime were also determined on the three media. Here the differences were marginal (approximately two-step), and seen for only some of the isolates (data not shown). For some, the lowest MIC was seen on lactose agar. All enterobacter strains were resistant to amoxycillin/clavulanic acid (a characteristic of AmpC-carrying strains) on all media. Susceptibility to cefuroxime varied.
We then determined the induction of E. cloacaelactamase. The average induction ([ M nitrocefin hydrolysed per g total protein] min 1 ) on the three media, with or without ampicillin, was calculated. The amount induced on Iso-Sensitest with ampicillin was comparable to that produced on Mueller-Hinton II alone (see Figure) . Mueller-Hinton II with ampicillin induced the highest levels.
To check whether we might be dealing with a single exceptional type of enzyme, we analysed the isolates using IEF. Five different IEF profiles were found, with pIs ranging from 7.7 to 8.2 (Table) . One isolate (AM231 V) produced no detectable -lactamase. We thus concluded that the phenomenon was widespread among AmpC-type enzymes.
Discussion
In this work we found that induction by ampicillin, normally considered a good inducer of enterobacter AmpC -lactamase, was affected negatively by IsoSensitest agar. Current knowledge of the induction of AmpC -lactamases is beginning to indicate a negatively regulated operon, which is activated by many kinds of cell wall disturbances. It seems that tripeptides of muramic acid, cleaved off the peptidoglycan layer, are transported into the cell for recycling via AmpG transport proteins. Either the tripeptides are then cleaved by AmpD -the negative regulator -or they activate the AmpR transcription activator, either directly or indirectly. 11 In the case of activation, the production of the AmpC -lactamase increases. Thus, any imbalance in the cell wall metabolism causing a build-up of components routed for recycling could induce -lactamase; this also explains the phenomenon of nonspecific induction. But this study has now shown that a nonspecific inhibition of this system also seems to exist: the combination of a good inducer (ampicillin) with the 'wrong' medium (Iso-Sensitest). Other -lactams (amoxycillin, cephalothin, and cefuroxime) seemed also to be affected, but to a lesser degree and with more variability between strains. But what are the practical consequences? E. cloacae
Enterobacter spp. and inhibition of -lactamase induction infections are not treated with ampicillin or first generation cephalosporins. They are, however, treated with newer cephalosporins, despite the risk of -lactamase overproducing mutants arising at high frequencies, causing treatment failures. In this work we saw that the susceptibility testing of cephalosporins can also be mis- leading due to insufficient induction on Iso-Sensitest. In Finland, 11 out of 26 hospital microbiology laboratories were using Iso-Sensitest in January 1996 (R. Manninen, personal communication). Bearing in mind that the inducible AmpC enzyme is widespread among the Enterobacteriaceae and related families, and that even within a single species not all strains have it, it becomes clear that the susceptibility testing method has to be reliable, since one cannot tell in advance which strains are resistant. The wrong combination of medium and -lactam inducer could prove disastrous. We did not make comparisons with susceptibility testing media other than Mueller-Hinton II and Iso-Sensitest, but it may be that other media also behave in this way. In conclusion, the combination of Iso-Sensitest and ampicillin inhibited the induction of -lactamase in all the wild-type Enterobacter strains tested. 
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